Introduction: Chronic kidney disease (CKD) is a widespread invalidating condition, leading to erythropoietin deficiency and decreased cardiovascular performance. Darbepoetin-␣ and epoetin-␣ are extensively used to correct renal anemia. The aim of this study was to evaluate cardiological outcomes in two groups of CKD patients treated with erythropoiesis-stimulating agents (ESA: 20 g darbepoetin-␣ weekly vs. 2,000 IU epoetin-␣ thrice weekly) with an unconventional 1: 300 conversion ratio. Methods: The study was designed as a single center, retrospective, observational study. One hundred stage IV CKD patients were selected. Hemoglobin (Hb), hematocrit, C-reactive protein, pro-brain natriuretic peptide (BNP) and basal echocardiograms were monitored every 3 months. Results: Darbepoetin-␣ was significantly more effective in increasing Hb levels after 3 (p ! 0.0001), 6 (p ! 0.0001), 9 (p ! 0.01) and 12 months (p ! 0.01) compared to epoetin-␣ . The optimal Hb target level (11 g/dl ! Hb ! 12 g/dl) was completely reached after 1 year of treatment with darbepoetin-␣ and in 70% of the patients treated with epoetin-␣ (p ! 0.01). Cardiovascular performance (left ventricular end-diastolic volume, ejection fraction and pro-BNP) was significantly improved after darbepoetin-␣ treatment at the 6-and 12-month follow-ups compared to epoetin-␣ . Discussion: Despite the limitations of a retrospective observational study, these results encourage nephrologists to test the 1: 300 darbepoetin/epoetin conversion ratio in 'easy' patients, and aggressive protocols for the treatment of anemia in CKD patients are avoided. Darbepoetin-␣ appeared effective in anemia correction, improving cardiovascular performance in a significantly higher proportion than epoetin. At low doses, on the other hand, it has to be borne in mind that a treatment regimen with only one submaximal administration per week may increase patient compliance and adherence to therapy, explaining in part the observed results.
Introduction
Chronic kidney disease (CKD) is a condition affecting public health due to the potential to cause not only progressive loss of kidney function but also major cardiovascular complications, with high costs in terms of invalidity, working capacity and pharmacoeconomics [1, 2] .
Continuous nephron loss interacts with the cardiovascular system in many different ways, and progressive erythropoietin (EPO) deficiency and consequent development of anemia is one of the most significant CKD manifestations possibly associated with a worse renal and overall prognosis [3, 4] .
Left ventricular hypertrophy, a compensatory response to anemia and hypertension, is very frequently linked to renal disease, with an estimated prevalence of 39% in CKD stages III and IV, and nearly 74% at the start of dialysis [5] [6] [7] . In addition to being a compensatory system, left ventricular hypertrophy is a crucial step in CKD-related cardiovascular remodeling and uremic cardiomyopathy [5] [6] [7] . The nephrologist is then called to prevent it, mainly via correction of anemia and control of blood pressure treatment.
This paper aimed to answer the question of whether erythropoiesis-stimulating agent (ESA) therapy can modify cardiac parameters during a 1-year treatment period.
EPO is involved in cardiac remodeling not only through anemia correction, but also by many pleiotropic effects, typically at increased dosages. To minimize this second role, we enrolled CKD patients treated either with darbepoetin-␣ or epoetin-␣ at low, stable doses for 12 months. In a retrospective model, we evaluated the effect of this treatment on renal anemia and cardiovascular parameters.
Materials and Methods
The study was conducted as retrospective, single center study on clinically stable EPO-naïve adult patients in CKD stage IV according to the National Kidney Foundation guidelines routinely referred to Outpatient Ambulatory Units.
The hospital charts of all patients treated with ESA between January 2009 and April 2010 were retrieved and reviewed. For each patient, clinical history data were available for a 12-month period.
A total of 1,245 patients were evaluated. Inclusion criteria were: (1) stable CKD stage IV (estimated glomerular filtration rate, GFR, ! 30 and 1 15 ml/min); (2) anemia (hemoglobin, Hb, ! 11 g/dl) at the first visit; (3) anemia (Hb ! 11 g/dl) and transferrin saturation 1 25% at the 2nd visit (oral iron supplementation was regularly prescribed at the first visit); (4) weekly EPO dose 1 6,000 IU or 20 g; (5) stable EPO dose during the 12-month follow-up period.
A total of 122 charts were selected and reviewed; 22 charts were excluded because of inadvertent discontinuation of ESA treatment for at least 4 weeks (hospital admission in 9 cases and lack of treatment compliance in 13 cases).
As patients were participating concomitantly in another research project, blood sampling and transthoracic echocardiography were performed in every patient at 3-month intervals. Blood samples were routinely collected and stored at -80 ° C. N-terminal prohormone B-type natriuretic peptide (pro-BNP) levels were determined in every blood sample. All echocardiograms were performed at ultrasonography departments by an operator blinded to the study.
Epoetin-␣ (Eprex , Janssen-Cilag) and darbepoetin-␣ (Aranesp , Amgen) were provided in open label, commercial forms directly to the patient from routine administrative channels and self-administered through subcutaneous injection.
Statistical Analysis
All statistical analyses were conducted with SAS, release 8.1 (SAS Institute). The primary endpoint was the change in mean Hb during the 12-months retrospective observational window. Secondary endpoints included percentage of Hb responders (Hb 6 11 g/dl), the mean change in hematocrit (Hct), Creactive protein (CRP), pro-BNT and cardiac indices: left ventricular end diastolic volume (LVEDV), right ventricular end diastolic volume (RVEDV), ejection fraction (EF) and arterial blood pressure.
Efficacy data were assessed using a modified intent-to-treat group consisting of all treated patients who had baseline Hb and at least one other measurement at 3, 6, 9 or 12 months. Descriptive statistics were calculated for all efficacy endpoints and values were expressed as means 8 SD. Normal (Gaussian) distribution of all parameters was assessed using diagnostic plots and the Shapiro-Wilk test to define the appropriate statistical test to be applied to study endpoints. When evaluating parameters with a Gaussian distribution, comparisons were carried out using unpaired t test between groups and paired t test for intragroup comparisons. In groups that do not show a normal distribution, corrections in t statistics and degrees of freedom were made. For those parameters with non-Gaussian distribution, comparisons were performed by non-parametric methods using the Wilcoxon rank-sum test between the groups and the Wilcoxon signed-rank test within each group.
In order to assess homogeneity between the two treatments (darbepoetin/epoetin), cardiological parameters were investigated at baseline by means of the above-described tests. If a significant situation of non-homogeneity was discovered, the impact on efficacy was investigated and the appropriate action taken (e.g. application of a multivariate model). Spearman's correlation was performed to determine linear correlations between Hb change and the other study endpoint changes at the follow-ups. Pearson's 2 test has been applied to assess the treatment effect on Hb response ( 6 11 g/dl). All p values reported are two sided and p ! 0.05 was considered significant.
Results
Underlying pathologies leading to CKD, related concomitant treatments and demographic features observed at baseline were homogenously distributed among both groups ( table 1 ) .
The prescription ratio in darbepoetin-␣ -and epoetin-␣ -treated patients was 1: 300 (mean 1: 285, median 1: 300) instead of the 'classic' 1: 200 ratio reported in the European ESA data sheet [9] .
Darbepoetin-␣ -treated patients showed a significantly faster increase in Hb levels compared with the epoetin-␣ group ( fig. 1 ) . The stronger and faster response was also supported by the percentage of patients responding to treatment. At 3 months, 10 (20%) patients reached the optimal Hb target ( 1 11 g/dl) in the darbepoetin-␣ group, but no patient in the epoetin-␣ group. At 6 months, 11 patients (22%) on darbepoetin-␣ and none on epoetin-␣ reached this target ( table 2 ) . At the following visits (9 and 12 months), the number of responders in the darbepoetin-␣ group steadily increased but not in the epoetin-␣ group.
The mean Hct values observed at the different time points mirrored the mean Hb changes obtained with the two treatment strategies ( fig. 2 ) .
GFR showed a slight reduction between the first and the last control values, with a mean loss of 2.5 ml/min. Regarding cardiac parameters, both treatments induced reductions in left heart volumes. Darbepoetin-␣ induced a stronger reduction in LVEDV (reductions: 4.15 and 7.57% after 6 and 12 months of darbepoetin-␣ therapy compared to 2.88 and 4.96% after 6 and 12 months of epoetin-␣ , respectively). Following 6 and 12 months of darbepoetin-␣ therapy, EF improved by 4.03 and 9.53% compared to 3.12 and 5.98% following epoetin-␣ treatment, respectively). Mean pro-BNP level was 236.68 8 43.94 pg/ml (-37.76%) after 6 months and 170.84 8 39.85 pg/ml (-54.91%) after 1 year of treatment with darbepoetin-␣ . Reduction in cardiac polypeptide was less evident during and after epoetin-␣ treatment: 270.44 8 36.38 (-28.84%) and 195.44 8 33.13 (-48 .35%) at 6 and 12 months, respectively. No difference in right cardiac performance and arterial blood pressure was noted during and after 1 year of treatment ( table 3 ).
The mean CRP blood level reductions after 6 and 12 months were 3.93 8 0.43 (-39.18%, p ! 0.0001) and 2.49 8 0.69 mg/l (-63.50%, p ! 0.0001) in the darbepoetin-␣ group, respectively. At the same time points, the mean CRP blood levels with epoetin-␣ were 4.17 8 0.29 (-43.91%, p ! 0.0001) and 2.81 8 0.54 mg/l (-63.83%, p ! 0.0001), respectively. The safety profile of both human recombinant EPO-treated groups monitored during the observation period and reported in the hospital charts was consistent with that reported in other studies.
Discussion
In agreement with our current practice, the classic switch rule '1 g darbepoetin = 200 IU epoetin' was replaced by a more moderate 'instinctive' 1: 300 ratio. In our experience, this ratio helps to avoid overestimation of the darbepoetin dose needed to treat anemia and to keep hemoglobin levels constant.
Bock et al. [9] reported similar experience with patients switched from epoetin-␣ to darbepoetin-␣ , for whom mean Hb level remained constant, even if the mean final conversion ratio of darbepoetin/epoetin was 1: 336. Hirai et al. [10, 11] confirmed this observation in a similar analysis: in 104 end-stage renal disease patients on hemodialysis, the conversion ratio was 1: 350.5. Nevertheless, in both papers Hb concentrations were determined during a shorter evaluation period (24 weeks) than in our study (1 year) .
The clinical experience reviewed in this retrospective analysis confirms the efficacy of long-term darbepoetin-␣ at a lower dose, especially when particular attention is paid to iron repletion, and transferrin saturation is 1 25%.
Apart from the faster and significant increase in Hb and Hct levels, this report is one of the few published reports on changes in cardiovascular parameters (echocardiographic patterns) in patients with chronic renal failure treated with EPO (darbepoetin-␣ and epoetin-␣ ). Left heart function and parameters apparently improved after correction of anemia, being more pronounced following darbepoetin-␣ than epoetin-␣ . LVEDV significantly decreased after 9 and 12 months, and EF significantly increased at the same follow-ups, while mean pro-BNP levels significantly decreased. Both effects were stronger following darbepoetin-␣ treatment.
The reduction in pro-BNP observed in our patients probably reflects left ventricular remodeling during the 1-year time window. It is in fact well known that treatment with human recombinant EPO to correct anemia, even in patients having Hb levels lower than normal, beneficially affects cardiovascular performance and renal function in patients with hemodialysis-dependent end-stage renal disease [10] [11] [12] as well as in patients with chronic heart failure [13] [14] [15] . This finding is further supported by the reduction in GFR in light of an expected increase in BNP levels. In other words, despite the small reduction in GFR potentially leading to reduced BNP clearance, BNP decreased.
Conclusions
In conclusion, despite the retrospective design of this observational study (without randomization and crossover), these results may encourage nephrologists to test the 1: 300 darbepoetin/epoetin conversion ratio in 'easy' patients and avoid aggressive protocols for the treatment of anemia in CKD patients. In fact, 20 g darbepoetin-␣ per week appeared effective in anemia correction and seemed to improve cardiovascular performance in a significantly higher proportion than 2,000 IU epoetin thrice weekly in patients with optimal iron balance. On the other hand, it has to be borne in mind that a treatment regimen restricted to only one administration per week may increase patient compliance and adherence to therapy, explaining in part our results.
